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(57) Resumen: La h'nea celular comprende una construccion de DNA que comprende la totalidad o parte de una secuencia promotora 
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LINE A CELULAR QUE COMPRENDE EL PROMOTOR DE LA 
CICLOOXIGENASA-2 (COX- 2) Y UN GEN TESTIGO, Y SU EMPLEO EN 
LA BUSQUEDA DE INHIBIDORES SELECTIVOS DE LA INDUCCION 
TRANS CRI PCI ONAL DE COX- 2 



CAMPO DE LA INVENCION 

Esta invencion se relaciona, en general, con la 
busqueda de productos con potenciales aplicaciones 
terapeut icas . En particular, la invencion se refiere a un 

10 mecodo para la busqueda de compuestos mhibidores 

selectivos de la induccion a mvei transcripcional de la 
ciciooxigenasa-2 que comprende el empleo de una linea 
celular que expresa de forma estable una construccion de 
DNA en la que la secuencia promotora del gen de la 

15 ciclooxigenasa-2 dirige la expresion de un gen testigo en 

respuesta a los estimulos apropiados . 



ANTECEDENTES DE LA INVENCION 

La ciclooxigenasa (cox) es una enzima implicada en 
20 numerosos procesos . Se conocen dos isoformas de la cox, 

la ciclooxigenasa 1 (cox-1) y la ciclooxigenasa 2 (cox- 
2) . Aunque ambas isoformas estan relacionadas con la 
produccion de prostaglandinas involucradas en procesos 
f isiologicos , parece ser que la cox-2 es la isoforma 
25 predominante implicada en diversas patologias como la 

inflamacion, la carcinogenesis, la angiogenesis y algunos 
procesos neurodegeneratives . 

La induccion a nivel transcripcional de la cox-2 se 
produce en respuesta a numerosos factores, entre los que 
30 se encuentran, la expresion de oncogenes, el tratamiento 

con promocores de tumores, mitogenos, estimulos 
proinf lamatonos , factores de crecimientc y citoquinas 
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[revisado en Smith and DeWitt, 1996; Griswold and Adams, 
1996; Jouzeau et al . , 1997 (vease el apartado relativo a 
la BIBLIOGRAFIA) ] . En la mayoria de los casos la 
induccion de esta enzima se traduce en un aumento en la 
5 sintesis de prostaglandinas, aunque no se pueden 

descartar otros modos de actuacion. 

La capacidad de ciertas drogas de la familia de los 
ant iinf lamatorios no esteroideos (NSAIDs) de inhibir la 
cox-2 explica sus efectos terapeuticos [revisado en Smith 

10 and DeWitt, 1996; Griswold and Adams, 1996; Jouzeau et 

al . , 1997] . Asimxsmo, existen evidencias crecientes de 
que la inhibicion de la cox-2 tanto por NSAIDs como por 
glucocort icoides o por ciclosporina A posee propiedades 
inmunosupresoras [Iniguez et al . , 1998; Hall and Wolf, 

15 1997; Zhou et al . , 1994; y las revisiones citadas 

anteriormente] . Otras acciones de la induccion de la cox- 
2 se refieren a la implicacion de esta en cancer, 
angiogenesis y procesos neurodegeneratives como la 
enfermedad de Alzheimer. Se ha comprobado que tanto la 

20 inhibicion de la induccion a nivel transcripcional cox-2 

como la inhibicion enzimatica de la cox-2 atenuan estos 
procesos [Shiff et al . , 1996; Tsujii et al . , 1997 y 1998; 
Subbaramiah et al . , 1998; Pasinetti, 1998]. 

Tras el descubrimiento de la isoforma inducible cox- 

25 2 de la enzima ciclooxigenasa, los metodos de 

ident if icacion de nuevos farmacos ant iinf lamatorios han 
tenido como objetivo seleccionar compuestos inhibidores 
selectivos de la actividad enzimatica cox-2 frente a la 
isoforma constitutiva cox-1. Existen varios tipos de 

30 sistemas al respecto. Unos utilizan ensayos in vitro 

utilizando enzima cox-2 purificada o semipurif icada 
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[Famaey, 1997; Noreen et al . , 1998]. Otros autores 
utilizan lineas celulares animal es o humanas que expresan 
predommantemente la isoforma cox- 2 en condiciones 
naturaies o tras la mduccion con estimulos [Famaey, 
1997; Berg et al., 1997]. Algunos emplean lineas 
celulares de origen animal o humano en las que 
sobreexpresan la proteina cox-2 mediante transfeccion 
estable del cDNA de la misma [Lora et al., 1997; O'Neill 
et al., 1995; Cromlish and Kennedy, 1996] . En algun caso 
se ha llegado a determinar mediante el anaiisis del mRNA 
si tales compuestos inhiben a nivel transcripcional la 
mduccion de la cox-2 [Tao et al. , 1998 ; Subbaramiah et 
al . , 1998]. Tambien se han establecido sistemas de 
estudio de compuestos inhibidores mediante ensayos in 
vivo, ya sea con sangre entera o con celulas purificadas 
de donantes sanos [Famaey, 1997; Brideau et al . , 1996]. 

En cualquier caso, la mayor limitacion de estos 
sistemas radica en que permiten seleccionar compuestos 
inhibidores de la actividad enzimatica de la enzima cox- 
2, sin atender a sus efectos sobre la mduccion de la 
produccion de la proteina, paso previo a la produccion de 
prostaglandinas por esta enzima. Ademas de esta 
limitacion, ha quedado demostrado que las potencias 
relativas de estos compuestos varian para el mismo 
farmaco entre diferentes tipos de ensayos. Asimismo, un 
aspecto importante a considerar tiene que ver con la 
inhibicion de la actividad cox-2 fisiologica, que tambien 
se veria inhibida por el tipo de compuestos ident if icados 
por los sistemas mencionados, lo que podria derivar en 
efectos secundarios adversos . 

Existe, por tanto, la necesidad de desarrollar un 
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metodo para la busqueda de compuestos inhibidores 
selectivos de la induccion a nivel transcripcionai de la 
cox-2 por diferentes estimulos que supere los 
mconvementes arriba mencionados . 

COMPENDIO DE LA INVENCION 

Esta invencion proporciona una solucion a la 
necesidad existente que consiste en el desarrollo de un 
sistema de ensayo para la busqueda de compuestos 
inhibidores selectivos de la induccion a nivel 
cranscr ipcional de la cox-2 por diferentes estimulos. 
Este criterio permite seleccionar compuestos que inhiben 
la produccion de la cox-2, con io que actuaran como 
inhibidores de las acciones derivadas del incremento de 
la expresion de la cox-2 y del consiguiente aumento de la 
produccion de prostaglandinas que' desencadenan diversos 
procesos patologicos . Entre otros procesos, se pueden 
destacar procesos inf lamatorios , prolif eracion celular 
mcont rolada , angiogenesis , carcinogenesis y patologias 
neurodegenerat ivas , tal y como se describio 
anteriormente. El criterio para la seleccion de 
compuestos segun esta invencion radica en la inhibicion 
de la actividad inducible del promoter de la cox-2, con 
lo cual no se seleccionaran aquellos compuestos que 
inhiban la actividad basal fisiologica de produccion de 
la cox- 2 . 

Para el desarrollo de la solucion aportada por esta 
invencion, ha sido necesario construir una linea celular 
que expresa de forma estable una construccion de DNA en 
la que la secuencia promotora del gen de la cox-2 dirige 
la expresion del gen testigo en respuesta a un estimulo 
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adecuado . La regulacion de la expresion del gen de la 
cox- 2 viene deterrr.inada por la actividad reguladcra de su 
promotor, mientras que la medida de la actividad del gen 
testigo proporciona una medida indirect a de la actividad 
del promotor de la cox-2 en respuesta a diferentes 
agentes . 

Por consiguiente, un objeto de esta invencion lo 
constituye una construccion de DNA (o DNA recombinant e ) 
que comprende una secuencia promotora del gen de la cox-2 
y un gen testigo, operat ivamente unidos entre si, de 
manera que dicha secuencia promotora del gen dirige la 
expresion del gen testigo en respuesta a un estimulo 
adecuado . 

Un objeto adicional de esta invencion lo constituye 
un vector, tal como un plasmido o un vector de expresion, 
que comprende dicha construccion de DNA. 

Otro objeto adicional de esta invencion lo 
constituye una linea celular que contiene dicha 
construccion de DNA, o dicho plasmido que contiene dicha 
construccion de DNA, y la expresa de forma estable. 

Finalmente, otro objeto adicional de esta invencion 
lo constituye un metodo para la busqueda de compuestos 
inhibidores selectivos de la mduccion a nivel 
transcripcional de la ciclooxigenasa - 2 que comprende el 
empleo de dicha linea celular que expresa de forma 
estable dicha construccion de DNA. 

BREVE DESCRXPCION DE LAS FIGURAS 

La Figura 1 muestra la secuencia de la zona 
promotora del gen cox-2. Las flechas indican las 
secuencias de hibridacion de los oi igonucleot idos 
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utilizados en la reaccion de PCR [reaccion en cadena de 
la polimerasa] . 

La Figura 2 muestra la estrategia de clonaje de la 
region promotora del gen cox-2 en el plasmido pXP2 para 
obtener la construction prom2 - 1 90 6 -LUC . 

La Figura 3 muestra los resultados del analisis por 
RT-PCR [transcripcion inversa- reaccion en cadena de la 
polimerasa] de la expresion del mRNA de cox-2 en celulas 
Jurkat . En la Figura 3(A) se muestra el efecto del 
tratamiento con PMA y con PMA + lonoforo de calcio 
A23137, en adelante PMA+Ion, en la expresion del mRNA de 
cox-2. En la Figura 3(B) se muestra la inhibicion por 
ciciosporina de la induccion t ranscripcional de cox-2. 
Como control en ambos casos se muestra el resultado 
obtenido para los mRNAs no inducibles de la isoforma cox- 
1 y de la gl icercl -aldehido deshidrogenasa (GAPDH) . 

La Figura 4 muestra el resultado de la estimuiacion 
por PMA o por PMA+Ion de la actividad luciferasa en 
celulas Jurkat transf ectadas transitoriamente con la 
construccion prom2 - 1 9 0 6 - LUC . Como control se comprueba 
que tanto la construccion proml - 8 98 -LUC como el plasmido 
vacio pXP2 no son inducibles. 

La Figura 5 muestra el resultado de la inhibicion 
por ciciosporina A (CsA) de la estimuiacion causada por 
PMA+Ion de la construccion prom2 - 190 6 -LUC en la 
transf eccion transitoria en celulas Jurkat. 

La Figura 6 muestra los resultados de un experimenco 
de transf eccion transitoria con la construccion prom2 - 
1906 -LUC y tratamiento con dexametasona . 

La Figura 7 muestra los resultados de la actividad 
luciferasa de los diferentes clones obtenidos tras la 
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transfeccior. estable cor, la construccion prom2 - 1906 -LUC . 

La Figura 8 muestra los resultados de la mhibicion 
per ciclosporma A (CsA) de la est imulacion per PMA+Ion 
de la actividad luciferasa de los clones estables de 
Jurkat-1906LUC. 

La Figura 9 muestra los resultados obtenidos para la 
mhibicion por el glucocort icoide Dexametasona (Dex) 
sobre la est imulacion por PMA+Ion de la actividad 
luciferasa de los clones estables de Jurkat - 1 906LUC . 

La Figura 10 muestra la mhibicion por Resveratrol 
(Res) de la induccion de la actividad luciferasa de los 
clones estables como control del sistema de ensayo . 

DESCRIPCION DETALLADA DE LA INVENCION 

Esta invencion proporciona una construccion de DNA 
(o DNA recombinante) que comprende la totalidad o parte 
de una secuencia promotora del gen de la ciclooxigenasa 
2 vCox-2) y un gen testigo, operat lvament e unidos entre 
si, de manera que dicha secuencia promotora del gen de la 
cox-2 dirige la expresion de dicho gen testigo en 
respuesta a un estimulo adecuado. 

La secuencia promotora del gen cox-2 puede tener 
cualquier origen, aunque pref erentemente dicha secuencia 
procedera del gen humano de la cox-2 . 

Como gen testigo puede utilizarse cualquier gen 
testigo capaz de produeir una serial facilmente 
dereccabie, de los habi tualmente utilizados en este tipo 
de ensayos de trasfeccion, por ejemplo, el gen de la 
cloranf enicol acetil transferasa (CAT) , el gen de la beta 
gaiactosidasa (3-gai), el gen de la luciferasa, por 
ejemplo, de luciernaga o de Renilla. En una reaiizacion 
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particular de esta invencion dicho gen testigo es el gen 
de la luciferasa de luciernaga por la extrema 
sensibilidad, rapidez, facilidad y ba^o coste del ensayo 
de deteccion de la misma. 

La invencion tambien proporciona un vector, tal como 
un plasmido o un vector de expresion, que contiene la 
construccion de DNA previamente mencionada. En principio, 
puede utiiizarse cualquier vector apropiado para insertar 
en el dicha construccion de DNA. Estos vectores son 
utiles para transf ormar celulas. 

La linea celular proporcionada por esta invencion 
comprende, y expresa de forma estable, dicha construccion 
de DNA que comprende la totalidad o parte de una 
secuencia promotora del gen de la cox-2 y un gen testigo, 
operat ivamente unidos entre si, de manera que dicha 
secuencia promotora del gen de la cox-2 dirige la 
expresion de dicho gen testigo en respuesta a un estimulo 
adecuado . 

La llnea celular transformada que contiene la 
construccion de DNA previamente mencionada puede proceder 
de cualquier linea celular adecuada capaz de expresar de 
forma estable dicha construccion de DNA, por ejemplo, de 
una linea celular de origen humano tal como una llnea de 
celulas de tipo linfocito T, celulas Hep-G2 derivadas de 
un carcinoma hepatocelular , celulas Hela derivadas de un 
adenocarcinoma de cervix, celulas tipo monocito- 
macrofago, por ejemplo, las lineas U937 y THP-1, etc. En 
una realizacion particular de esta invencion, se ha 
seleccionado la linea celular Jurkat (descrita 
originalmente por Schneider et al . , 1977) como ejemplo 
representative de una linea celular transformada de tipo 
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linfocito T como modeic de estudic de la expresion de un 
gen relacionado con la respuesta inmune. Ademas , dicha 
linea celular es facil de crecer y proporciona un elevado 
rendimiento de celulas por umdad de tiempo y per vo lumen 
(ml) de cultivo. 

La linea celular proporcionada por esta mvencion 
puede utilizarse como sistema de ensayo para la busqueda 
e ident if icacion (screening) de compuestos inhibidores 
seleccivos de la mduccion a nivel :ranscr;pcional de la 
cox-2 por diferentes estimulos. 

La linea celular proporcionada por esta mvencion 
puede obtenerse facilmente mediante procedimientos 
convencionales de Ingenieria Genetica, por ejempio, 
mediante un procedimiento que comprende (i) el 
aislamiento de la secuencia promotora del gen de la cox- 
2, (ii) el clonaje de dicha secuencia en un vector que 
contiene el gen testigo, en una posicion en la que dicha 
secuencia promotora es capaz de dirigir la expresion de 
dicho gen testigo, y (iii) la transfeccion de una linea 
celular adecuada con dicho plasmido. En el Ejemplo 3 se 
describe detalladamente una forma concreta de obtener 
unos clones mdividuales de celulas Jurkat transf ormadas 
que expresan el gen testigo (luciferasa) de forma 
estable, denominados Jurkat -C3 - 190 6LUC , Jurkat -F9-1906LUC 
y Jurkat -C7-1906LUC, en los que se determino la actividad 
luciferasa basal y se comprobo que la expresion del gen 
:estigo (luciferasa) se inducia en respuesta a los mismos 
estimulos que el promotor de la cox-2 tal y como se habia 
estabiecido previamente con celulas transf ectadas 
transitoriamente . 

El sistema de ensayo (linea celular) proporcionado 
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por esta invencion ha sido validado previamente mediante 
la transf eccion transitoria de la construccion prom2 - 
1906-LUC y el analisis de la actividad luciferasa bajo 
estimulos e inhibidores diferentes. Los resuitados 
obtenidos se compararon con un control no inducible de 
una construccion similar en la que en lugar del promotor 
de la cox-2 se situa el promotor de la isoforma cox-1 y 
con el vector vacio pXP2 . Tambien se ha procedido a 
determinar, bajo los mismos estimulos el comport amiento 
del gen endogeno cox-2 mediante experimentos de RT-PCR en 
los que se analiza la expresion del mRNA. Como control no 
inducible se determino el comportamiento del gen endogeno 
de la isoforma cox-1 y del gen no inducible de la 
glicerol-aldehido-f osf ato deshidrogenasa (GAPDH) . Los 
principales tratamientos fueron con activadores tales 
como el ester de forbol PMA (10 rig /ml ) y con la 
combinacion de PMA y el lonoforo de calcio A23187 
[PMA+Ion] (1 (jM) . El tratamiento con farmacos inhibidores 
de la induccion por PMA+Ion se llevo a cabo con 
dexametasona (1 jzM) , y con ciclosporina A (100 ng/ml) . 

El Ejemplo 2 incluye unos ensayos de validacion del 
sistema de ensayo proporcionado por esta invencion en 
transfeccion transitoria, asi como de la expresion de los 
genes endogenos en celulas Jurkat . Tambien se recogen en 
los Ejemplos 3 y 4 unos ensayos realizados con los clones 
estables obtenidos, con compuestos inductores e 
inhibidores de la induccion del promotor de la cox-2. 

El sistema de ensayo proporcionado por esta 
invencion es util en la busqueda e identif icacion 
(screening) de compuestos inhibidores selectivos de la 
induccion a nivel t ranscripcional de la cox-2 por 
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diferentes estimulos. Este tipo de inhibidores selectivos 
de la cox - 2 puede tener numerosas apl icacicnes 
cerapeuticas potenciales ya que las implicaciones 
derivadas de la induccion de la cox- 2 no solo inciden en 
la respuesta inf lamatoria , sino tambien en procesos 
relacionados con la prolif eracion celular incontrolada y 
formacion de tumores (por ejemplo, la aparicion de 
adenomas, el cancer de colon y el desarrollo de polipos 
y la angiogenesis, entre otros), con acciones 
inmunosupresoras y con procesos neurodegeneratives como 
la enfermedad de Alzheimer. Por consiguiente, cabe 
suponer que los compuestos inhibidores selectivos de la 
induccion transcripcional de la cox-2 puedan ser utiles 
como agentes antiinf lamatorios , como compuestos capaces 
de acenuar la prolif eracion celular incontrolada y/o el 
proceso de tumorigenesis, como inmunosupresores o como 
potenciales farmacos con propiedades terapeuticas en la 
enfermedad de Alzheimer. 

La invencion tambien proporciona un metodo de ensayo 
para la busqueda e identif icacion (screening) de 
compuestos inhibidores selectivos de la induccion a nivel 
rranscripc ional de la cox-2 por un estimulo apropiado 
(descrito en el Ejempio 4) que comprende poner en 
contacto la linea celular proporcionada por esta 
invencion (sistema de ensayo) con el compuesto a ensayar, 
es decir, con el compuesto cuya potencial actividad 
mhibidora selectiva de la induccion a nivel 
transcripcional de la cox-2 se desea ensayar, banc 
condiciones que permiten la transcnpcion de la cox-2, y 
detectar, y/o medir, la sehal indicativa de la expresion 
de actividad debida ai gen testigo. Alternat ivamente , si 
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se desea, el metodo de ensayo objeto de esta invencion 
puede llevarse a cabo poniendose en conzacto la llnea 
celular, el sistema de ensayo y un compuesto activador de 
la induccion t ranscripcional de la cox-2. 

En el metodo de ensayo proporcionado por esta 
invencion, la regulacion de la expresion del gen de la 
cox-2 viene determinada por la actividad reguladora de su 
promotor, mientras que la medida de la actividad del gen 
testigo proporciona una medida mdirecta de la actividad 
del promotor de la cox-2 en respuesta a diferentes 
agentes . 

El metodo de ensayo para la biisqueda e 
identif icacion de compuestos inhibidores selectivos de la 
induccion a nivel transcripcional de la cox-2 por un 
estimulo apropiado proporcionado por esta invencion 
permite seleccionar compuestos que inhiben la produccion 
de la cox-2 mediante un criterio que radica en la 
inhibicion de la actividad inducible del promotor de la 
cox-2, con lo cual no se seleccionan aquellos compuestos 
que inhiban la actividad basal fisiologica de produccion 
de la cox-2 . 

Los siguientes ejemplos sirven para ilustrar formas 
preferidas de realizar la invencion sin que deban ser 
considerados como limitativos del alcance de la misma. 

EJEMPLO 1 

Obtencion de una construccion de DNA que comprende una 
secuencia del promotor de la cox-2 y el gen de la 

lucif erasa 



1 . 1 Clonaie del promotor de la cox-2 
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En primer lugar se procedio al clonaje de la 
secuencia promotora del gen humano de la cox-2, a partir 
de la secuencia aescrita por Tazawa [Tazawa en al . , 1994] 
representada en la Figura 1 . 

5 Se utilizo la tecnica de la reaccion en cadena de la 

polimerasa (PCR) , usando oligonucleotidos cebadores o 
"primers" disenados para la ampl i f icacion selectiva del 
fragmento de DNA correspondiente a la secuencia promotora 
de este gen. Como DNA molde se utilizo DNA genomico de la 

10 linea celular linfocitica humana Jurkat . Los 

oligonucleotides utilizados fueron los ident if icados como 
SEC.ID.N 0 .: 1 y SEC. ID. No.: 2 [vease el apartado relativo 
a la LISTA DE SECUENCIAS] . 

Estos oligonucleotidos amplifican una secuencia que 

15 abarca desde el nucleotido -1796 al nucleotido +104 de la 

zona promotora del gen cox-2 (vease la Figura 1) . Para la 
reaccion de PCR se uso el Advantage cDNA PCR kit 
[Clontech] con 30 ciclos repetitivos de 45 segundos a 
94 °C y 3 mmutos a 68°C en un termociclador PTC-200 [MJ 

20 Research] . 

1 . 2 Construc tion del vector de expresion 
Los fragmentos generados tras la amplif icacion 
fueron subclonados en el plasmido pXP2 [Nordeen, 1988] 

25 que contiene la secuencia codificante del gen de la 

luciferasa que se utilizara como gen testigo (vease la 
Figura 2) . Los oligonucleotidos se disenaron de tal forma 
que en el extremo 5' contienen una secuencia adicional de 
reconocimiento por enzimas de restriccion. Tras la 

30 ampl if icacion se generan extremos de doble cadena que 

contienen las dianas de restriccion BamHI en el extremo 
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5' y Bglll en el extremo 3 ! . El vector pXP2 contiene en 
el sitio multiple de clonaje una diana Bglll, que genera 
excremos compatibles tanto con extremos Bglll como BamHI . 
Tras la digestion con los enzimas Bglll y BamHI del 

5 inserto obtenido por PCR conteniendo la secuencia 

promotora, y del vector pXP2 con Bglll, se procedio a la 
ligacion de estas secuencias. De este modo se obtuvo el 
plasmido prom2 - 1906-LUC en el que la secuencia (-)1796- 
(+)104 del promotor de la cox-2 se situa por delante del 

10 gen de la luciferasa, dirigiendo su expresion. Esta 

construccion se secuencio para comprobar la fidelidad de 
la secuencia del promotor y verificar el sitio de 
clona j e . 



15 Ejemplo 2 

Experimentos de analisis de la regulacion de la actividad 
del promotor de la cox-2 mediante experimentos de RT-PCR 
y de trans f eccion transitoria de la construccion prom2 - 
1 9 0 6 - LUC en la linea celular Jurkat 

20 

Con el fin de estudiar la regulacion de la expresion 
del gen cox-2 endogeno en la linea celular Jurkat se 
procedio al analisis de la expresion de su mRNA mediante 
experimentos de RT-PCR. A su vez, con el fin de validar 

25 la construccion prom2 - 1 9 0 6 - LUC y comprobar que la 

regulacion del promotor clonado se corresponde con la 
esperada, se realizaron experimentos de transf eccion 
transitoria de la construccion prom2 - 1906 -LUC utilizando 
la linea celular Jurkat. En ambos experimentos las 

30 celulas se trataron con compuestos est imuladores e 

mhibidores de la induccion del promotor de cox-2. 
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El tratamiento con compuestos activadores se llevo 
a cabo utilizando el ester de forbcl PMA (Fhcrbcl 12- 
Myristace 13 -Acetate) {10 ng/ml) (Sigma; y la combinacion 
de PMA y el ionoforo de Calcic A23137 il/zM) (Sigma), en 
adelante PMA+Ion. 

El tratamiento con farmacos inhibidores de la 
mduccion por PMA+Ion se llevo a cabo con ciclosporina A 
(CsA) (100 ng/ml), o el glucocort icoide sintetico 
Dexametasona (Dex) (1/iM) (Sigma) . 

2 . 1 Regulacion de la expre sion del mRNA de cox-2 

en celulas Jurkat 
Los resultados obtenidos del anaiisis por RT-PCR de 
la expresion del mRNA de cox-2 en celulas Jurkat se 
muestran en la Figura 3, donde puede observarse lo 
siguiente : 

a) el tratamiento con PMA (10 ng/ml) produce un 
ligero increment© de la expresion del mRNA de cox-2, 
miencras que el tratamiento combinado con PMA+Ion produce 
el mayor aumento en la expresion de este gen a nivel 
transcripcional [Figura 3 (A) ] ; y 

b) la inhibicion por CsA (100 ng/ml) de la mduccion 
transcripcional de cox-2 [Figura 3(B)]. 

Como control en ambos casos se muestra el resultado 
obtenido para los mRNAs no inducibles de la isoforma cox- 
1 y de la glicerol aldehido fosfato deshidrogenasa 
(GAPDH) . 

2 . 2 Evaluacion de la actividad lu ciferasa bajo 

di f e rent e s estimulos 
Se ha analizado la actividad luciferasa en celulas 
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Jurkat transf ectadas transitoriamente con la cons truce ion 
prom2 - 1 9 06 -LUC utilizando el agente Lipofectina [Life 
Technologies] . Las celuias fueron estimuladas con PMA (10 
ng/m) (Sigma) y con la combinacion PMA+Ion (1 /zM) 
5 ( Sigma) . 

Como control no inducible se utilizo una 
construccion similar en la que en lugar del promotor de 
la cox-2 se situo el promotor de la isoforma cox-1 
[proml - 898 -LUC] y con el vector vacio pXP2 . 

10 La actividad luciferasa se determino utilizando el 

kit "Luciferase Assay System" [Promega] , con IxlO 6 celuias 
que se lisaron en 50 fj.1 de tampon de lisis. En los 
extractos obtenidos se midio la emision de luz producida 
con un luminometro Monolight 2010 [Analytical 

15 Lumimscence Laboratory] con un sistema de inyeccion 

automatica de 100 ^1 de reactive 

Los resultados obtenidos se muestran en la Figura 4 . 
Como puede apreciarse en dicha figura, los resultados 
obtenidos en este ensayo son comparables a los obtenidos 

20 en el analisis del mRNA de cox-2 [Ejemplo 2.1] , es decir, 

el tratamiento con PMA+Ion produce el mayor aumento en el 
numero de veces de induccion de la actividad luciferasa 
( aproximadamente 12 veces la basal) . Estos datos 
demuestran que la secuencia promotora cionada se comporta 

25 de forma similar al gen endogeno. Como control se 

comprueba que tanto la construccion proml - 898 -LUC como el 
plasmido vacio pXP2 no son inducibles. 



2 . 3 Evaluacion de la activ idad luc iferasa 
baio diferentes inhibidores 
Se ha analizado la inhibicion de la est lmulacion por 



HOJA DE SUSTITUCION (REGLA 26) 



WO 01/04350 



PCT/ESOO/00245 



17 

PMA (10 ng/m) (Sigma) o PMA+Ion !1 fxM) (Sigma) sobre la 
ac: i vi dad iuciferasa en celulas Jurkat transfectadas 
transitcriamente con la construccion prom2 - 1906 -LUC , 
mediante el empleo del farmaco inmunosupresor 
ciclosponna A (CsA) (100 ng/ml) . Los resultados 
obtenidos se muestran en la Figura 5 donde se pone de 
mamf lesto que el tratamiento con CsA (100 ng/ml) 
disminuye la estimulacion del promotor de la cox-2 en 
respuesta a PMA+Ion hasta vaiores similares a los 
basales . 

Asimismo, se ha analizado la inhibicion de la 
estimulacion por PMA+Ion (1 /xM) (Sigma) sobre la 
actividad Iuciferasa en celulas Jurkat trans feet adas 
transitonamente con la construccion prom2-190 6 mediante 
el glucocort icoide dexametasona (1 /xM) (Sigma). Los 
resultados obtenidos se muestran en la Figura 6 donde se 
pone de manifiesto que el tratamiento con dexametasona (1 
fiM) (Dex) disminuye la estimulacion del promotor de cox-2 
en respuesta a PMA+Ion. 

Ejemplo 3 

Obtencion de una linea celular que expresa de forma 
estable una construccion de DNA que comprende una 
secuencia promotora de cox-2 y el gen de la Iuciferasa. 

Para la creacion de la linea celular que expresa de 
forma estable la construccion prom2 - 190 6 -LUC , se 
cotransf ectaron celulas Jurkat con el vector prom2-1906- 
LUC y un vector denominado pcDNA3 . 1 /Hygro (Invitrogen) 
que contiene el gen de resistencia a la higromicma . La 
cransf eccion se realizo mediante la cecnica de 



HOJA DE SUSTTTUCION (REGLA 26) 



WO 01/04350 




PCT/ESOO/00245 



18 

electroporacion en cubetas de 0,4 cm (BioRad) con 15 x 10 6 
celuias en 0,5 ml de medio completo [medio RPMI 
suplementado con 10% de suero fetal, L-Glutamma 2 mM y 
una mezcla de ant ibiot icos] (Todos estos productos fueron 
5 adquiridos a Life Technologies) . Las celuias se incubaron 

en hielo durante 10 minutos con 2 5 /zg del plasmido prom2- 
1906-LUC y 5 /xg del vector pCDNA3 . 1 . /Hygro . Tras este 
periodo, las celuias se electroporaron en un aparato Gene 
Pulser II (BioRad) a 1.500 /iFaradios de capacitancia y 

10 280 Voltios de corriente. A continuacion, las celuias se 

incubaron en hielo durante 10 minutos antes de ahadir 10 
ml de medio completo. Las celuias se cultivaron en este 
medio en frascos de cultivo (Nunc) de 75 cm 2 durante 48 
horas en un incubador de celuias a 3 7°C, con una humedad 

15 del 95% y 5% de C0 2 . En este momento se cambio el medio 

per medio completo sin antibioticos al que se anadio 
higromicina (Boehringer Mannheim) a una concentracion de 
200 jig/ml. Las celuias se cultivaron en este medio 
durante 30 dias con sucesivos cambios de medio. Durante 

20 este periodo se selecciona la poblacion resistente que 

sobrevive al tratamiento con el antibiotico selectivo, es 
decir los transf ectantes estables para el gen de 
resistencia al antibiotico higromicina. En esta poblacion 
se analizo la expresion del gen de la luciferasa con el 

25 fin de determinar la presencia de transf ectantes estables 

para el plasmido prom2 - 1 9 0 6 - LUC . Para ello, 1x10 s celuias 
se lisaron en 50 jil de tampon de lisis (Promega) y con 
los extractos obtenidos se procedio a determinar la 
actividad luciferasa con los reactivos contenidos en el 

30 kit de "Luciferase Assay System" [Promega] . La medicion 

de la emision de luz producida se determino en un 
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luminometro MonoLight 2010 (Analytical Luminiscence 
Laboratory) con un sistema de inyeccion automatica de IOC 
ul de reactive 

De esta poblacion policlonal ( Jurkat -pool - 190SLUC) 
se real i zo una dilucion limite en placas de 96 pocillos 
en medio completo con higromicina con el fin de obtener 
clones individuales que expresaran el gen de la 
luciferasa de forma estable. Estos clones se crecieron 
hasta obtener al menos lxlO 6 celulas con las que realizar 
la medicion de la actividad luciferasa tal como se ha 
descrito anteriormente . De esta forma se obtuvieron tres 
clones individuales denominados Jurkat - C3 - 1 906LUC , 
Jurkat -F9- i 90 6L.UC y Jurkat -C7 - 190 6LUC . En estos clones se 
determino la actividad luciferasa basal en RLUs (unidades 
relativas de luminiscencia) y se comprobo que la 
expresion del testigo luciferasa se inducia en respuesta 
a los mismos estimulos que el promotor de cox-2 tal y 
como se habia establecido previamente con celulas 
transf ectadas de forma transitona (vease la Figura 7) . 
En los tres clones, los valores basales de actividad 
luciferasa se incrementan de 3 a 6 veces con un 
tratamiento de 6 horas con el ester de forboi PMA y hasta 
10 - 20 veces con un tratamiento combinado de PMA+Ion, de 
forma similar a los resultados obtenidos en las 
transf ecciones transitorias . 



Ejemplo 4 

Establecimiento de un sistema de ensayo de compuestos que 
regular! la expresion del gen cox-2 en los clones de la 
linea celular que expresa de forma estable una 
cons truce ion de DNA que comprende una secuencia promotora 
de cox-2 y el gen de la luciferasa. 
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Los clones se cultivaron en placas de 96 pocillos a 
una densidad de 1x10 s celulas en 20C fil de medio RPMI 
suplementado con 2% de suero fetal, L-Glutamina 2 mM y 
una mezcla de antibiot icos . Las celulas se trataron 
durance 6 horas con diferentes concent raciones de los 
compuestos cuya actividad se pretende ensayar. En el caso 
del ensayo de la actividad de estos compuestos sobre la 
induccion de la actividad del promotor de cox-2, las 
celulas se trataron con PMA+lon durante 5 horas, tras 1 
hora de pretratamiento con el compuesto a ensayar. Tras 
este penodo las celulas se lisaron en 50 /il de tampon de 
lisis y se determino su actividad luciferasa utilizando 
2 0 pi en un lummometro tal y como se describio en el 
Ejemplo 2.2. A continuacion se rnuestran algunos 
resultados obtenidos con compuestos previamente descritos 
como irihibidores de la estimulacion del promotor de cox- 
2 . 

La Figura 8 muestra los resultados obtenidos con el 
compuesto ciclosporina A (CsA) el cual produce una 
inhibicion de la estimulacion obtenida con PMA+lon en los 
clones estables de Jurkat , de forma similar a lo 
previamente descrito (Ifiiguez et al . , 1998), y a lo 
observado en las transf ecciones transitorias ilustradas 
en el Ejemplo 2.3. 

La Figura 9 muestra los resultados obtenidos con el 
compuesto Dexametasona (Dex) , que, como glucocort icoide 
y anti-inf lamatorio, produce una inhibicion de la 
estimulacion obtenida con PMA+lon en los clones estables 
de Jurkat, como corresponde a lo ya descrito (Smith and 
DeWitt, 1996) y a lo observado previamente en las 
transf ecciones transitorias del Ejemplo 2.3. 
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La Figura 10 muestra los resultados obtemdos con el 
compuesto Resveratrol (Res), descrito recientemence como 
inhibidor de la est lmulacion por PMA del gen cox- 2 
i Subbaramiah , et al . , 1998). Este compuesto produce una 
5 inhibicion de la est imulacion obtemda con PMA+Ion en los 

clones estables de Jurkat . 

De esta forma queda demostrada la validez del 
sistema de ensayo por el comport amiento similar de los 
clones obtenidos, de las transf ecciones transitorias y de 

10 los resultados obtenidos con el mRNA endogeno . Con el uso 

de compuestos cuya actividad sobre el promotor de cox- 2 
es conocida, ya sean est imuladores o inhibidores, queda 
establecido que es posible detectar compuestos no 
descritos previamente que regulen tanto posit ivamente 

15 como negat ivamente la expresion basal o inducida del gen 

cox- 2 con el sistema de ensayo desarrollado en la 
presente invencion . 

DEPOSITO DEL MATERIAL BIOLOGICO 

20 Una muestra de una linea celular Jurkat, denominada 

J-1906-F9, que expresa de forma estable una construccion 
de DNA que comprende una secuencia promotora del gen de 
la cox-2 y el gen de la luciferasa, ha sido depositada en 
la European Collection of Animal Cell Cultures (ECACC) 

25 [Salisbury, R. Unido] el 24 de marzo de 1999 y ha 

recibido el numero de acceso ECACC 99032405. 

Una muestra del plasmido prom2-1906-LUC, insertado 
en Escherichia coli DH5 , denominada DH5 prom2 - 1 9 0 6 - LUC , 
ha sido depositada en la Coleccion Espanola de Cultivos 

30 Tipc (CECT) [Burj assoc , Valencia] el 24 de marzo de 1999 

y ha recibido el numero de acceso CECT 5145. 
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RE I VIND I CAC I ONES 

1. Una construccion de DNA que comprende la 
totaiidad o parte de una secuencia promotora del gen de 
la ciclooxigenasa 2 (cox-2) y un gen testigo, 
operat lvamente unidos entre si, de manera que dicha 
secuencia promotora del gen de la cox-2 dirige la 
expresion de dicho gen testigo en respuesta a un estimulo 
adecuado . 

2. Construccion segun la reivindicacion 1, en la que 
dicha secuencia promotora del gen cox-2 procede del gen 
humano de la cox-2. 

3. Construccion segun la reivindicacion 2, en la que 
dicha secuencia promotora del gen cox-2 esta constituida 
por la secuencia comprendida entre el nucleotido (-)1796 
y el nucleotido ( + )104 del promotor de la cox-2 humana. 

4. Construccion segun la reivindicacion 1, en la que 
dichc gen testigo se selecciona entre el gen de la 
luciferasa, el gen de la cloranf enicol acetil transferasa 
y el gen de la beta galactosidasa . 

5. Un vector que comprende una construccion de DNA 
segun cualquiera de las reivindicaciones 1 a 4. 

6. Una linea celular que comprende una construccion 
segun cualquiera de las reivindicaciones 1 a 4 o 
transformada con un vector segun la reivindicacion 5. 
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7. Una linea celular segun la reivmdicacion 6, en 
la cue dicha llnea celular deriva de una linea celular de 
crigen humano . 



3. Una linea celular segun la reivmdicacion 7, en 
la que dicha linea celular de origen humano es una linea 
de celulas Jurkat . 



9 . Metodo de ensayo para la busqueda de compuestos 
mhibidores selectivos de la induccion a nivel 
transcripcional de la ciclooxigenasa-2 por un estimulo 
apropiado, que comprende poner en contacto una linea 
celular segun cualquiera de las reivindicaciones 6 a 8, 
con un compuesto cuya potencial actividad inhibidora 
selecciva de la induccion a nivel transcripcional de la 
cox-2 se desea ensayar, bajo condiciones que permiten la 
transcripcion de la cox-2, y detectar, y/o medir, la 
sehal mdicativa de la expresion de actividad debida al 
gen testigo. 
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-1841 GAATTCAGGATTGTAATGTAAAATTTTAGTACT^ 



-1741 TCAAATTTCAGTAGATGCAACCTACTCCTTTAAAATGAAACAGAAGATTGAAATTATTAAATTAT 

-1641 TCATGTAAGATTCCATGCAATAAATAGGAGTGCCATAAATGGAATGATGAAATATGACTAGAGGAGGAGAAAG 

- 1 54 1 CATCCGTGTCTCATGMGAATCAGATGTGTACACTAAGC^^ 

-1441 CTACAAA7TGAGGTACCTGGTGTAGTTTTATTTCAGGTTTTATGCTGTCATTTTCCTGTMTGCTMGGACTTAGGACATAACTGAATTTTCTATTTTCC 
-1341 ACTTCTTTTCTGGTGTGTGTG7ATATATATATG7ATATA7ACACACACACA7A7ACA7A7ATATA77T7T 
-1241 GCACTACCCATGATAGATGTTAAACAAAAGCAAAGATGAAATTCCAACTGTTAAAATCTCCCT7CCA7 
-1141 ACGAGAATAGAAAAnAGCCCCMTAAGCCCAGGCAAC7GAAAAG7AAATGCTATGTTGTACT7TGA7CCATGGTCACAACTCATMTC 
-1041 GACAGAAMGACAAMGAGTGMCTT7AAMCTCGMTTTATTTTACCAGTATCTCCTATGMGGGCTAG7AACCAAAATAATCCACGCATCAGGGAGAG 
-941 AAATGCCTTAAGGCA7ACGT7TTGGACAT7TAGCGTCCC7GCAAATTCTGGCCATCGCCGCTTCCT77GTCCATCAGAAGGCAGGAAACTTTATATTGGT 
- 841 GACCCGTGGAGCTCACATTMCTAT77ACAGGGTMCTGCTTAGGACCAG7AT7ATGAGGAGGATTTACC7TTCCCGCCTCTCTTTCCMGAMCAAGGA 
-741 GGGGGTGAAGGTACGGAGAACAGTATTTCTTCTGTTGAAAGCAACT7AGC7ACAAAGA7AAA77ACAGCTATG7ACACTGAAGGTAGCTATTTCATTCCA 
-641 CAAMTMGAGT7TTTTAAAAAGC7A7G7ATGTATG7CCTGCATATAGAGCAGATA7ACAGCC7ATTAAGCGTCGTCACTAAAACATAAAACATGTCAGC 
-541 C7TTCTTAACCTTAC7CGCCCCAG7C7G7CCCGACG7GAC77CCTCGACCCTC7AAAGACGTACAGACCAGACACGGCGGCGGCGGCGGGAGAGGGGAT7 
-441 CCCTGCGCCCCCGGACC7CAGGGCCGCTCAGATTCCTGGAGAGGAAGCCAAGTGTCC7TC7GCCC7CCCCCGGTATCCCA7CCAAGGCGATCAGTCCAGA 
-341 AC7GGC7C7CGGMGCGC7CGGGCAMGAC7GCGAAGAAGAAAAGACA7C7GGCGGAAACCTGTGCGCCTGGGGCGGTGGAACTCGGGGAGGAGAGGGAG 
-241 GGATCAGACAGGAGAG7GGGGAC7ACCCCC7C7GCTCCCAAA77GGGGCAGC7TCC7GGG7TTCCGATT7TC7CAT77CCGTGGG7AAAAAACCC7GCCC 
- 1 4 1 CCACCGGGCTTACGCAATTTTTTTAAGGGGA^ 
-41 TT7TCAG7CTTA7AAAMGGMGG7TCTC7CGG77AGCGACC^TO 

+60 CCTCCTTCAGCTCCACAGCCAGACGCCCTCAGACAGCAAAGCCTACCCCCCGCGCCGCGCCCTGCCCGCCGCTGCGATG 
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LISTA DE SECUENCIAS 



(I) INFORMACION GENERAL: 
(i) SOLI CITANTE : 

(A) NOMBRE: Laboratories del Dr. Est eve , S.A. 

(B) DIRECCION: Avda. Mare de Deu de Montserra:, 

221 

(C) CIUDAD: Barcelona 

(E) PAIS: Espana 

(F) CODIGO POSTAL: 0 8 041 

(G) TELEFONO: 93 446 60 00 

(H) TELEFAX: 93 450 32 02 



(ii) TITULO DE LA INVENCION: 



LINEA CELULAR QUE COMPRENDE EL PROMOTOR DE LA 
CICLOOXIGENASA-2 (COX-2) Y UN GEN TESTIGO , Y SU 
EMPLEO EN LA BUSQUEDA DE INHIBIDORES SELECTIVOS DE 
LA INDUCCION TRANSCRI PCIONAL DE COX-2 



(iii) NTJMERO DE SECUENCIAS : 2 



(iv) FORMA LEGIBLE POR ORDENADOR : 

(A) MEDIO: Diskete 

(B) ORDENADOR: IBM PC compatible 

(C) SISTEMA OPERATIVO: PC-DOS/MS -DOS 

(D) SOFTWARE: Patentln Release #1.0, Version 
#1.30 (EPO) 



(2) INFORMACION DE LA SECUENCIA IDENTI FICADA N° 
[SEC. ID.N° ] : 1 : 
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(i) CARACTERISTICAS DE LA SECUENCIA: 

(A) LONG I TUB : 33 nucleotides 

(B) TIPO: acido nucleico 

(C) N° DE CADENAS: monocat enar ia 

(D) TOPOLOGIA: lineal 
(ii) TIPO DE MOLECULA: DNA 

(xi) DESCRIPCION DE LA SECUENCIA: SEC. ID. N°: 1: 
GGGGGATCCG GATTCTAACA TGGCTTCTAA CCC 3 3 

(2) I NFORMAC I ON PARA LA SECUENCIA I DENT I F I CAD A N° : 2: 
(l) CARACTERISTICAS DE LA SECUENCIA: 

(A) LONGITUD: 3 0 nucleotidos 

(B) TIPO: acido nucleico 

(C) N° DE CADENAS: monocat enaria 

(D) TOPOLOGIA: lineal 
(ii) TIPO DE MOLECULA: DNA 

(XI) DESCRIPCION DE LA SECUENCIA: SEC. ID. N° : 2: 
GGGAGATCTG GTAGGCTTTG CTGTCTGAGG 3 0 
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I. Basis of the report 

1 . With regard to the elements of the international application (Replacement sheets which have been furnished to 
the receiving Office in response to an invitation under Article 14 are referred to in this report as "originally filed" 
and are not annexed to this report since they do not contain amendments (Rules 70. 16 and 70. 1 7)): 
Description, pages: 

-j -27 as received on 26/09/2001 with letter of 1 8/09/2001 

Claims, No.: 

1 _ 8 as received on 26/09/2001 with letter of 1 8/09/2001 

Drawings, sheets: 

1/10-10/10 filed with the demand 

Sequence listing part of the description, pages: 

1-2, filed with the letter of 18.09.01 

2. With regard to the language, all the elements marked above were available or furnished to this Authority in the 
language in which the international application was filed, unless otherwise indicated under this item. 

These elements were available or furnished to this Authority in the following language: , which is: 

□ the language of a translation furnished for the purposes of the international search (under Rule 23.1 (b)). 

□ the language of publication of the international application (under Rule 48.3(b)). 

□ the language of a translation furnished for the purposes of international preliminary examination (under Rule 
55.2 and/or 55.3). 

3. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the 
international preliminary examination was carried out on the basis of the sequence listing: 

K contained in the international application in written form. 

□ filed together with the international application in computer readable form. 

□ furnished subsequently to this Authority in written form. 

□ furnished subsequently to this Authority in computer readable form. 

□ The statement that the subsequently furnished written sequence listing does not go beyond the disclosure in 
the international application as filed has been furnished. 

□ The statement that the information recorded in computer readable form is identical to the written sequence 
listing has been furnished. 

4. The amendments have resulted in the cancellation of: 
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□ the description, pages: 

□ the claims, Nos.: 

□ the drawings, sheets: 

5. □ This report has been established as if (some of) the amendments had not been made, since they have been 

considered to go beyond the disclosure as filed (Rule 70.2(c)): 

(Any replacement sheet containing such amendments must be referred to under item 1 and annexed to this 
report.) 

6. Additional observations, if necessary: 
see separate sheet 

V. Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability; 
citations and explanations supporting such statement 

1. Statement 



Novelty (N) 


Yes: 


Claims 


1-8 




No: 


Claims 




Inventive step (IS) 


Yes: 


Claims 


1-8 




No: 


Claims 




Industrial applicability (IA) 


Yes: 


Claims 


1-8 




No: 


Claims 





2. Citations and explanations 
see separate sheet 

VII. Certain defects in the international application 

The following defects in the form or contents of the international application have been noted: 
see separate sheet 

VIII. Certain observations on the international application 

The following observations on the clarity of the claims, description, and drawings or on the question whether the 
claims are fully supported by the description, are made: 
see separate sheet 
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SECTION I 

6. Additional observations 

6.1 This preliminary examination report takes into account the content of the 
Applicants' letter of 18.08.01 in reply to the written opinion dated 09.07.01 , as well 
as the additional technical information enclosed therein. 

6.2 It has been noticed that in the Applicants' letter dated 18.09.01 a wrong number 
has been assigned to the present International Patent Application (i.e. PCT/ES 
00/00186 instead of the actual PCT/ES 00/00245). 

SECTION V 



2. CITATIONS AND EXPLANATIONS 

2.1 The following documents have been considered for the purposes of this report: 
D1: WO 98/37235 

D2: Huang, J-C and M. Y. Dawood (1998) Fertility and Sterility 70:734-739 
D3: Inoue, H. and T. Tanabe (1998) Biochem. Biophys. Res. Comm. 244: 1 43- 
148 

D4: Blanco, J.C.G. et al (19.06.00) J. Exp. Med. 191:2131-2144 

D4 has been cited in the Applicants' letter dated 18.09.01 (a copy of the 
document is appended hereto). 

D4 (published on 1 9.06.00) is not part of the state of the art according to Rule 64 
(1) PCT, as the date of priority of 12.07.99 is hereby validly claimed. 

D1 describes a procedure suitable for screening agents as candidates for drugs 
which suppress induction of COX-2 promoter (see e.g. page 3, lines 7-14; the 
paragraph bridging pages 4-5 and Examples 1 and 2). This screening procedure 
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relies on the use a recombinant vector (the plasmid referred to on page 15, line 3 
as "COX-2 promoter construct") comprising a construct containing 1432 bases 5' 
of the human COX-2 transcription start site (-1432/+59) ligated to the luciferase 
gene. To carry out the subject screening procedure, 1483 squamous carcinoma 
cells (an apparently conventional cell line in the related art) are transfected with 
the aforementioned vector containing the construct of interest (see also page 6, 
lines 3-25 and page 7, lines 27-36 bridging over page 8, lines 1-30 of D1). 

D2 describes the determination of the effect of PMA and IL-1B on COX-2 
promoter activity (cf paragraph bridging left and right columns on page 736), 
based on the measurement of luciferase activity generated in endometrial stromal 
cells transfected with a vector denominated pGL-900. This vector contained a 
promoter-less luciferase reporter (from pGL-3) and a 900-base pair promoter 
sequence (-891 to +9 relative to the transcription start site) corresponding to the 
human COX-2 gene. Among other applications the approach disclosed in D2 can 
be used to explore the roles of different promoter regulatory elements in COX-2 
gene activation (cf page 738, right column, last sentence of the discussion). 

D3 studies the transcriptional role of the NF-kB site (nucleotides -223 to -214) of 
the COX-2 gene in U937 cells employing a luciferase reporter vector driven by the 
human COX-2 promoter region (nucleotides -327 to +59), mutated at both the 
cAMP response element and the NF-IL6 site, stably transfected into U937 cells. 
Attention is drawn to the assays carried out to determine the involvement of the 
NF-kB site in the suppression of promoter activity by dexamethasone and 
herbimycin A employing this reporter system described on page 146, left column, 
second paragraph. 

D4 shows that IFN-y works as a pivotal regulator of the Cox-2 gene, activating its 
expression or coactivating LPS- and IL-1a-dependent Cox-2 expression in 
primary murine macrophages. This regulation is dependent on the expression of 
IRF-1 (interferon regulatory factor-1), and requires the presence of two novel 
ISREs (interferon stimulated responsive elements) that are localized in the 
promoter of the murine Cox-2 gene and are conserved in the human Cox-2 gene. 



Form PCT /Separate Sheet/409 (Sheet 2) (EPO-Apnl 1997) 



INTERNATIONAL PRELIMINARY International application No PCT/ES00/00245 
EXAMINATION REPORT - SEPARATE SHEET 



2.2 The hereby claimed DNA constructs (Claims 1-2), vector (Claim 3), cell lines 
(Claims 4-7) and assay method for the search of compounds that selectively 
inhibit the induction at a transcriptional level of Cox-2 (Claim 8) would appear to 
relate to novel and inventive subject-matter which satisfies the criteria set forth in 
Art. 33(2) and (3) PCT for the following reasons: 

The DNA construct defined in present Claim 1 comprises the sequence lying 
between the nucleotides -1796 and +104 of the promoter of the human Cox-2 
gene. This DNA construct is therefore novel (Art. 33(2) PCT) over related DNA 
constructs disclosed in the cited prior art (see above), which respectively comprise 
the corresponding nucleotide sequences -1445/-1432 to +59 (D1), -891 to +9 (D2) 
or -327 to +59 (D3). 

The desirability of including in a reporter DNA construct of the type hereby 
claimed nucleotide sequences of the human Cox-2 gene promoter region 
extending further upstream than position -1475, relative to the transcription start 
site of the gene, seems to be non-derivable (Art. 33(3) PCT) from the teachings of 
the prior art (see page 6, lines 3-25 of D1), since the existence of promoter 
regulatory elements of the Cox-2 gene located further upstream than said position 
was apparently not known at the date of priority of the present application (see 
D4). 

On the other hand, due to the presence in the hereby characterized reporter 
construct of an additional regulatory element (located between positions -1796 
and -1475) the claimed assay method for the search of compounds which 
selectively inhibit the induction at a transcriptional level of Cox-2 by a suitable 
stimulus apparently makes feasible the detection of a wider spectrum of 
compounds of interest. 

The subject-matter encompassed by Claims 1-8 is also susceptible of industrial 
applicability (Art. 33(4) PCT). 
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SECTION VII 

The words appearing in drawing sheets 1/10, 2/10, 4/10, 5/10 and 6/10 have not 
been translated. 

SECTION VIII 

The description is not in conformity with the claims as required by Rule 5.1(a)(iii) 
PCT. 
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CELL LINE THAT COMPRISES THE PROMOTER OF CYCLOOXYGENASE - 2 

(COX- 2) AND A REPORTER GENE , AND US E THEREOF IN THE 

SEARCH FOR SELECTIVE INHIBITORS OF THE TRANSCRIPTIONAL 
INDUCTION OF COX- 2 

5 

FIELD OF THE INVENTION 

This invention relates, in general, to the search 
for products with potential therapeutic applications. In 

10 particular, the invention relates to a method for the 
search for compounds that selectively inhibit the 
induction at a transcriptional level of cyclooxygenase-2 
that comprises the use of a cell line that expresses in 
a stable manner a construct of DNA in which the gene 

15 promoter sequence of cyclooxygenase-2 controls the 
expression of a reporter gene in response to appropriate 
stimuli . 

BACKGROUND OF THE INVENTION 

20 

The cyclooxygenase (cox) is an enzyme implicated in 
numerous processes. Two isoforms of cox are known, 
cyclooxygenase 1 (cox-1) and cyclooxygenase 2 (cox- 2) . 
Although both isoforms are related to the production of 
25 prostaglandins implicated in physiological processes, it 
seems that cox-2 is the isoform predominately implicated 
in various pathologies such as inflammation, 
carcinogenesis, angiogenesis and certain 

neurodegenerative processes . 

30 

Induction at a transcriptional level of cox-2 occurs 
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in response to several factors, among which can be found 
the expression of oncogenes, the treatment of tumours 
with promoters, mytogenous , pro- inflammatory stimuli, 
growth factors and cytokines [reviewed by Smith and 
5 DeWitt, 1996; Griswold and Adams, 1996; Jouzeau et al . , 
1997 (see section relating to REFERENCES) ] . In most 
cases, the induction of this enzyme translates into an 
increase in the synthesis of prostaglandins, although 
other modes of action cannot be discarded. 

10 

The capacity of certain drugs of the family of non- 
steroidal ant i- inflammatory drugs (NSAIDs) to inhibit 
cox-2 explains their therapeutic effects [reviewed by 
Smith and DeWitt, 1996; Griswold and Adams, 19 96; Jouzeau 

15 et al . , 1997]. Similarly, there is growing evidence that 
the inhibition of cox-2 both by NTSAIDS and by 
glucocorticoids or by cyclosporin A has immunosuppressive 
effects [Ifiiguez et al . , 1998; Hall and Wolf, 1997 ; Zhou 
et al., 1994 ; and the reviews cited earlier]. Other 

20 actions of induction of cox-2 relate to the implication 
of this enzyme in cancer, angiogenesis and 
neurodegenerative processes such as Alzheimer's disease. 

It has been found that both inhibition of the induction 
at a transcription level of cox-2 and the enzymatic 

25 inhibition of cox-2 attenuate these processes [Shiff et 
al . , 1996; Tsuj ii et al . , 1997 y 1998; Subbaramiah et 
al., 1998; Pasinetti, 1996]. 

After discovering the inducible cox-2 isoform of the 
30 cyclooygenase enzyme, the methods for identification of 
new ant i - inflammatory drugs have focussed on selecting 
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compounds that are selective inhibitors of the enzymatic 
activity of cox -2 against the constitutive isoform cox-1. 

There are several types of system for this. Some use in 
vitro assays with purified or semi -purif ied cox-2 
5 [Famaey, 1997; Noreen et al . , 1998]. Other authors use 
animal or human cell lines that predominantly express the 
cox-2 isoforms in natural conditions or after induction 
with stimuli [Famaey, 1997; Berg et al. , 1997] . Some use 
cell lines of animal or human origin in which the cox-2 

10 protein is over-expressed by means of stable transfection 
of cDNA coding for this protein [Lora et al. , 1997; 
O'Neill et al. , 1995; Cromlish and Kennedy, 1996]. In 
some cases, it has been possible to determine using mRNA 
analysis whether such compounds inhibit the induction of 

15 cox-2 at a transcriptional level [Tao et al . , 1998 ; 
Subbaramiah et al . , 1998]. Systems have also been 
established for studying inhibitory compounds by means of 
in vivo assays, either with whole blood or with purified 
cells from healthy donors [Famaey, 1997; Brideau et al . , 

20 19 96] . 



In any case, the main limitation of these systems 
lies in the fact that they allow selection of compounds 
that inhibit the enzymatic activity of the cox-2 enzyme, 

25 without considering their effects on the induction of the 
production of the protein, the step prior to production 
of prostaglandins by this enzyme. In addition to this 
limitation, it has been shown that the relative potencies 
of these compounds vary for the same drug for different 

30 types of assay. Similarly, an important aspect for 
consideration concerns the inhibition of the 
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physiological activity of cox-2, which would also be 
inhibited by the type of compounds identified by the 
aforementioned systems, which could lead to adverse side 
effects . 

It is known from WO 98/37235 a method of screening 
agents as candidates for drugs which suppress 
induction of COX-2 promoter. This screening procedure 
relies on the use of a recombinant vector comprising 
a construct containg 1432 bases from the COX-2 
transcription start site (-1432 to +59) ligated to the 
lucif erase gene. 

Document Huang, J-C and M.Y. Dawood (198 8) 
Fertility and Sterility 70:734-739 discloses the 
determination of the effect of PMA and IL-lp on COX-2 
promoter activity based on the measurement of 
luciferase activity generated in endometirial stromal 
cells transfected with a vector that contains a 
luciferase reporter and a 900-base pair promoter 
sequence (-891 to +9 relative to the transcription 
site) corresponding to the human gene. 

Document Inoue, H. and T. Tanabe (1998) Biochem. 
Biophys . Res, Comm. 244: 143-148 studies the 
transcriptional role of the NF-kB site of the COX-2 
gene in U937 cells employing luciferase reporter 
vector driven by the human COX-2 promoter region 
(nucleotides -327 to +59) stably transfected into U937 
cells . 
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There is therefore a need to develop a method for 
searching for compounds that selectively inhibit 
induction of cox-2 at a transcriptional level by 
different stimuli that overcomes the drawbacks mentioned 
5 above . 

OVERVIEW OF THE INVENTION 

This invention provides a solution to the existing 
need that consists of developing an assay system for the 

10 search of compounds that selectively inhibit the 
induction of cox-2 at a transcriptional level by 
different stimuli. This criterion allows compounds to be 
selected that inhibit the production of cox-2, and so 
will act as inhibitors of the actions derived from an 

15 increase in the expression of cox-2 and of the subsequent 
increase in the production of prostaglandins that set off 
various pathological processes. Among other processes, 
the following processes can be highlighted: inflammatory 
processes, uncontrolled cellular proliferation, 

20 angiogenesis , carcinogenesis and neurodegenerative 
pathologies, as were described earlier. The criterion 
for the selection of compounds according to this 
invention lies in the inhibition of the inducible 
activity of the promoter of cox-2. Therefore, those 

25 compounds that inhibit the physiological basal activity 
of production of cox-2 will not be selected. 

For the development of the solution provided by this 
invention, it has been necessary to construct a cell line 
30 that expresses in a stable fashion a construct of DNA in 
which the promoter sequence of the cox-2 gene controls 
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the expression of the reporter gene in response to a 
suitable stimulus. The regulation of the expression of 
the cox- 2 gene is determined by the regulatory activity 
of its promoter, while the measurement of the activity of 
the reporter gene provides an indirect measure of the 
activity of the promoter of cox- 2 in response to 
different agents. 



Thus, an object of this invention constitutes a DNA 
10 construct (or recombinant DNA) that comprises a promoting 
sequence of the cox- 2 gene and a reporter gene, 
operatively joined to each other, such that said promoter 
sequence of the gene controls the expression of the 
reporter gene in response to a suitable stimulus. 

15 

An additional object of this invention constitutes 
a vector, such as a plasmid or an expression vector, that 
comprises said DNA construct . 

20 Another additional object of this invention 

constitutes a cell line that contains said DNA construct, 
or said plasmid that contains said DNA construct, that 
expresses it in a stable fashion. 

25 Finally, another additional object of this invention 

constitutes a method for the search for compounds that 
selectively inhibit the induction of cyclooxygenase - 2 at 
a transcriptional level, that comprises the use of said 
cell line that expresses said DNA construct in a stable 

30 fashion. 
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BRIEF DESCRIPTION OF THE FIGURES 

Figure 1 shows the sequence of the promoter zone of 
the cox-2 gene. The arrows indicate the sequences of 
hybridisation of the oligonucleotides used in the PCR 
reaction [polymerase chain reaction] . 

Figure 2 shows the strategy for cloning the 
promoting region of the cox-2 gene in the pXP2 plasmid in 
order to obtain the construct prom2 - 19 0 6 -LUC . 

Figure 3 shows the results of the analysis by RT-PCR 
[reverse transcript ion-polymerase chain reaction] of the 
expression of mRNA of cox-2 in Jurkat cells. In Figure 
3 (A) the effect of treatment with PMA and PMA + calcium 
ionophore A23187, hereinafter PMA-Ion, on the expression 
of mRNA of cox-2 is shown. In Figure 3(B) the inhibition 
by cyclosporin of the transcriptional induction of cox-2 
is shown. In both cases, the result obtained for the 
non- inducible mRNAs of the cox-1 isoform and the 
glycerol -aldehyde dehydrogenase (GAPDH) by way of control 
is shown. 

Figure 4 shows the result of the stimulation by PMA 
or by PMA+Ion of the luciferase activity in Jurkat cells 
transitorily transfected with the prom2 - 1 906 -LUC 
construct. As a control, it is checked that both the 
proml -898 -LUC construct and the empty plasmid PXP2 are 
not inducible. 

Figure 5 shows the result of inhibition by 
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cyclosporin A (CsA) of the stimulation caused by PMA-Ion 

of the construct prom2 - 1906 -LUC in the transient 
transfection in Jurkat cells. 

5 Figure 6 shows the results of an experiment of 

transitory transfection with the prom2-1906 -LUC construct 
and treatment with dexame thasone . 

Figure 7 shows the results of the luciferase 
10 activity of different clones obtained after stable 
transfection with the pr om2 - 1 9 0 6 - LUC construct. 

Figure 8 shows the results of inhibition by 
cyclosporin A ( CsA) of the stimulation by PMA+Ion of the 
15 luciferase activity of the stable clones of Jurkat- 
1906LUC. 

Figure 9 shows the results obtained for the 
inhibition by the glucocort icoide dexamethasone (Dex) on 
20 the stimulation by PMA+Ion of the luciferase activity of 
the stable clones of Jurkat - 1906LUC . 

Figure 10 shows the inhibition by Resveratrol (Res) 
of the induction of luciferase activity of the stable 
25 clones as a control of the assay system. 

DETAILED DESCRIPTION OF THE INVENTION 

This invention provides a DNA construct (or 
30 recombinant DNA) that comprises the whole part of a 
promoter sequence of the cyclooxygenase 2 (cox-2) gene 
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and a reporter gene, cperatively joined to each other, 
such that said promoter sequence of the cox-2 gene 
controls the expression of said reporter gene in response 
to a suitable stimulus. 

5 

The promoter sequence of the cox-2 gene may be of 
any origin, although preferably said sequence will 
proceed from the human cox-2 gene. 

10 As a reporter gene, any reporter gene may be used 

that is able to produce an easily detectable signal, 
chosen from among those normally used in these types of 
transfection assays, for example, the chloranphenicol 
acetyl transferase (CAT) gene, the beta galactosidase (p- 

15 gal) gene, the luciferase gene, for example, from glow- 
worm or from Renilla . In a particular embodiment of this 
invention, said reporter gene is the luciferase gene of 
glow-worm because of its extreme sensitivity, speed and 
ease of use and low cost of the assay for its detection. 

20 

The invention also provides a vector, such as a 
plasmid or an expression vector, which contains the 
aforementioned DNA construct. In principle, any vector 
can be used that is suitable for inserting into said DNA 
25 construct. These vectors are useful for the 

transformation of cells. 

The cell line provided by this invention comprises, 
and expresses in a stable fashion, said DNA construct 
30 that comprises ail or part of a promoter sequence of the 
cox-2 gene and a reporter gene, operatively joined to 
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each other, such that said promoter sequence of the cox-2 
gene controls the expression of said reporter gene in 
response to a suitable stimulus. 



5 The transformed cell line that contains the 

aforementioned DNA construct may originate from any 
suitable cell line able to express said DNA construct in 
a stable fashion, for example, a cell line of human 
origin such as a line of ceils of the T- lymphocyte type, 

10 Hep-G2 cells derived from hepatocellular carcinoma, Hela 
cells derived from an adenocarcinoma of the cervix, cells 
of monocyte -macrophage type, for example, the lines U937 
and THP-1, etc. In a particular embodiment of this 
invention, a Jurkat cell line has been selected 

15 (originally described by Schneider et al . , 1977) as a 
representative example of a transformed cell line of the 
T- lymphocyte type as a model for studying the expression 
of a gene related to the immune response. In addition, 
said cell line is easy to grow and provides a high yield 

20 of cells per unit time and volume (ml) of culture. 

The cell line provided by this invention can be used 
as an assay system in the search and identification 
(screening) of compounds that selectively inhibit the 
25 induction at a transcriptional level of cox-2 by 
different stimuli . 



The cell line provided by this invention can be 
easily obtained using conventional procedures of Genetic 
30 Engineering, for example, by means of a process that 
comprises (i) the isolation of a promoter sequence of the 
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cox-2 gene, (ii) the cloning of said sequence in a vector 
that contains the reporter gene, in a position in which 
said promoter sequence is able to control the expression 
of said reporter gene, and (iii) the transf ection of a 
5 suitable cell line with said plasmid. In Example 3, 
there is described in detail a specific way for obtaining 
individual clones of transformed Jurkat cells which 
express the reporter gene (luciferase) in a stable 
fashion, denominated Jurkat-C3 -1906LUC, Jurkat - F9 - 1 906LUC 

10 and Jurkat-C7-1906LUC, in which the basal luciferase 
activity was determined and it was checked that the 
expression of the reporter gene (luciferase) was being 
induced in response to the same stimuli as the promoter 
of cox-2 as had been previously established with 

15 transitorily transfected cells. 

The assay system (cell line) provided by this 
invention has been previously validated by the transitory 
transf ection of the prom2 - 1 90 6 - LUC construct and the 

20 analysis of the luciferase activity under different 
stimuli and inhibitors. The results obtained were 
compared with a non- inducible control of a similar 
construct in which, instead of the promoter of cox-2, the 
promoter of the cox-1 isoform was put in place and with 

25 the empty vector pXP2 . Under the same conditions, the 
behaviour of the endogenous cox-2 gene was also 
determined by experiments of RT-PCR in which the 
expression of mRNA is analysed. As a non- inducible 
control, the behaviour of the endogenous gene of the cox- 

30 1 isoform and the non- inducible gene of glycerol- 
aldehyde-phosphate dehydrogenase (GAPDH) was determined. 
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The main treatments were activators such as phorbol ester 
PMA (10 ng/ml) and the combination of PKA and calciun 
ionophore A23187 [PMA+Ion] (1 )iM) . Treatment with drugs 
that inhibit the induction by PMA+Ion were carried out 
5 with dexamethasone (1 |iM) , and with cyclosporin A (1Q0 
ng/ ml ) . 

Example 2 includes some validation assays of the 
assay system provided by this invention in transitory 
10 transfection, as well as the expression of the endogenous 
genes in Jurkat cells. Also, in Examples 3 and 4, some 
assays are presented carried out with the stable clones 
obtained, with compounds that induce and inhibit the 
induction the cox-2 promoter. 

15 

The assay system provided by this invention is 
useful for the search and identification (screening) of 
compounds that selectively inhibit the induction at a 
transcriptional level of cox-2 by different stimuli. 

20 This type of selective inhibitor of cox-2 may have 
numerous potential therapeutic applications as the 
implications derived from the induction of cox-2 not only 
affect the inflammatory response, but also processes 
related to uncontrolled cellular proliferation and 

25 formation of tumours (for example, the appearance of 
adenomas, cancer of the colon and the development of 
polyps and angiogenesis , among others), with 
immunosuppressant actions and with neurodegenerative 
processes such as Alzheimer's disease. As a result, it 

30 might be supposed that the compounds that selectively 
inhibit the transcriptional induction of cox-2 may be 
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useful as ant i - inf iammatory agents, as compounds able to 
attenuate uncontrolled cellular proliferation and/or the 
process of tumorigenesis, as immunosuppressants or as 
potential drugs with therapeutic properties in 
5 Alzheimer's disease. 

The invention also provides an assay method for 
searching and identifying (screening) compounds that 
selectively inhibit the induction at a transcriptional 

10 level of cox-2 by a suitable stimulus (described in 
Example 4) which comprises bringing the cell line 
provided by this invention (assay system) into contact 
with the compound to be assayed, in other words, with the 
compound whose potential selective inhibitory activity of 

15 the induction at a transcriptional level of cox-2 it is 
wanted to test, in conditions that allow the 
transcription of cox-2, and detecting, and/or measuring, 
the signal indicative of the expression of activity due 
to the reporter gene. Alternatively, if so desired, the 

20 assay method object of this invention can be performed by 
bringing the cell line, the assay system and the compound 
that activates transcription induction of cox-2 into 
contact . 

25 In the assay method provided by this invention, the 

regulation of the expression of the cox-2 gene is 
determined by the regulatory activity of its promoter, 
while the activity of the reporter gene provides an 
indirect measure of the activity of the cox-2 promoter in 

30 response to different agents. 
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The assay method for the search and identification 
of compounds that selectively inhibit the induction at a 
transcriptional level of cox-2 by an appropriate stimulus 
provided by this invention allows the selection of 
5 compounds that inhibit the production of cox-2 by means 
of a criterion based on the inhibition of the inducible 
activity of the cox-2 promoter, which will not select 
those compounds that inhibit the basal physiological 
activity of the production of cox-2 . 

0 

The following examples serve to illustrate preferred 
embodiments of the invention, but they should not be 
considered as limiting the scope thereof. 



15 EXAMPLE 1 

Production of a DNA construct that comprises a promoter 
sequence of cox-2 and the luciferase gene 

1 . 1 Cloning the promote r of cox-2 
20 In the first place, the promoter sequence of the 

human cox-2 gene was cloned from the sequence described 
by [Tazawa et al . , 1994] represented in Figure 1. 

The technique of polymerase chain reaction (PCR) was 
25 used, with the initiating oligonucleatides or "primers" 
designed for selective amplification of the fragment of 
DNA corresponding to the promoter sequence of this gene. 

The template DNA used was genomic DNA from the Jurkat 
human lymphocyte cell line. The oligonucleotides used 
30 were those identified as SEC. ID. No.: 1 and SEC. ID. No.: 2 
[see the section concerning the LIST OF SEQUENCES] . 
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These oligonucleotides amplify a sequence that: 
ranges from nucleotide -1796 to nucleotide +104 of the 
promoter zone of the cox-2 gene (see Figure 1) . For the 
5 PCR reaction, the Advantage cDNA PCR kit [Clontech] was 
used with 3 0 cycles repeated every 45 seconds at 94 °C and 
3 minutes at 68° C in a PTC-200 thermocycler PTC-200 [MJ 
Research] . 

10 1.2 Construction of the expression vector 

The fragments generated after amplification were 
subcloned into the plasmid pXP2 [Nordeen, 1988] which 
contains the sequence that codes for the luciferase gene 
which will be used as the reporter gene (see Figure 2) . 

15 The oligonucleotides were designed such that at the 5' 
end they contain an additional recognition sequence for 
restriction enzymes. After amplification, double chain 
ends are generated that contain the restriction targets 
BamHI at the 5' end and Bglll at the 3' end. The pXP2 

20 vector contains a Bglll target at the multiple cloning 
site, which generates ends compatible both with Bglll and 
BamHI ends. After digestion of the insert obtained by 
PCR containing the promoting sequence with the Bglll and 
BamHI enzymes and the pXp2 vector with Bglll, the binding 

25 of these sequences was performed. In this fashion, the 
plasmid prom2 - 1 906 -LUC was obtained in which the sequence 
(-) 1796- ( + ) 104 of the cox-2 promoter is located in front 
of the luciferase gene, controlling its expression. This 
construction was sequenced to check the fidelity of the 

30 promoter sequence and to verify the cloning site. 
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Example 2 

Experiments in analysis of the regulation of the activity 
of the promoter of cox- 2 by means of experiments with RT- 
PCR and transitory transfection of the prom2 - 190 6 -LUC 
construct in the Jurkat cell line 



In order to study the regulation of the expression 
of the endogenous cox-2 gene in the Jurkat cell line, the 
analysis of the expression of its mRNA was performed by 

10 experiments with RT-PCR. At the same time, in order to 
validate the prom2 - 1 9 0 6 - LUC construct and to check that 
the regulation of the cloned promoter is as expected, 
experiments were carried out of transitory transfection 
of the prom2- 1906 -LUC construct using the Jurkat cell 

15 line. In both experiments, the cells were treated with 
compounds that stimulate and inhibit the induction of the 
promoter of cox-2. 

Treatment with activator compounds were carried out 
20 using the phorbol ester P1YIA (Phorbol 12-Myristate 13- 
Acetate) (10 ng/ml) (Sigma) and the combination of PMA 
and Calcium ionophore A23187 (l|aM) (Sigma) , hereinafter 
PMA+Ion . 



25 Treatment with drugs that inhibit the induction by 

PMA+Ion were carried out with cyclosporin A (CsA) (100 
ng/ml) or the synthetic glucocort icoide Dexamethasone 
(Dex) (ljiM) (Sigma) . 



30 2.1 Regulation of the expression of c ox-2 mRNA 

in Jurkat cells 
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The results obtained from the analysis by RT-PCR of 
the expression of mRNA of cox-2 in Jurkat ceils are 
presented in Figure 3, where the following can be 
observed : 

5 a) treatment with PMA (10 ng/ml) produces a slight 

increase in the expression of the mRNA of cox-2, while 
the combination treatment with PMA+Ion leads to a greater 
increase in the expression of thxs gene at a 
transcriptional level [Figure 3 (A) ] / and 
10 b) inhibition by CsA (100 ng/ml) of the 

transcriptional induction of cox-2 [Figure 3(B)]. 

As a control in both cases, the result obtained for 
the non-inducible mRNAs of the cox- 1 isoform and for the 
15 glycerol aldehyde phosphate dehydrogenase (GAPDH) are 
shown. 

2 . 2 Evaluation of the luciferase activity under 

different stimuli 
20 The luciferase activity in Jurkat cells transitorily 

transfected with the prom2 -1906-LUC construction using 
the Lipofectin agent [Life Technologies] has been 
analysed. The cells were stimulated with PMA (10 ng/m) 
(Sigma) and with the combination PMA+Ion (1 JJ.M) (Sigma) . 

25 

As a non-inducible control, a similar construct was 
used in which, instead of the cox-2 promoter, the 
promoter of the cox-1 isoform was put in place [proml- 
898-LUC] and with the empty vector pXP2 . 

30 

The luciferase activity was determined using the kit 
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"Luciferase Assay System" [Promega] , with lxlO fe cells 
which where lysed in 50 ul of lysis buffer. In the 
extracts obtained, the light emission produced was 
measured using a lummometer Monolight 2010 [Analytical 
Lummiscence Laboratory] with an automatic injection 
system of 100 of reagent. 

The results obtained are shown in Figure 4 . As can 
be seen in said figure, the results obtained in this 
assay are comparable to those obtained in the analysis of 
mRNA of cox-2 [Example 2.1], in other words, treatment 
with PMA+Ion produces a greater increase in the number of 
times there is induction of the luciferase activity 
(approximately 12 times the basal value) . These data 
show that the cloned promoter sequence behaves in a 
similar fashion to the endogenous gene. As a control, it 
is checked that neither the proml - 8 98-LUC construct nor 
the empty plasmid pXP2 are inducible. 

2 . 3 Evaluation of the luciferase activity under different 
inhibitors 

The inhibition of stimulation by PMA (10 ng/m) 
(Sigma) or PMA+Ion (1 jaM) (Sigma) on the luciferase 
activity in Jurkat cells transitorily transfected with 
the prom2-1906-LUC construct has been investigated by 
using the immunosuppressant drug cyclosporin A (CsA) (100 
ng/ml) . The results obtained are shown in Figure 5 where 
it can been seen that treatment with CsA (100 ng/ml) 
reduces stimulation of the promoter of cox-2 in response 
to PMA+Ion to values similar to basal ones. 
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Similarly, the inhibition of stimulation by PMA+Ion 
(1 \iM) (Sigma) on the luciferase activity has been 
analysed in Jurkat cells transitorily transfected with 
the prom2-1906 construct by means of the glucocort icoide 
dexamethasone (1 \iM) (Sigma) . The results obtained are 
shown in Figure 6 where it can be seen that treatment 
with dexamethasone (1 yxM) (Dex) reduces stimulation of 
the promoter of cox-2 in response to PMA+Ion. 



10 Example 3 

Production of a cell line that stably expresses a DNA 
construct that comprises a promoter sequence of cox-2 and 
the luciferase gene. 

15 For the creation of a cell line that stably 

expresses the prom2 - 1 906 -LUC construct, Jurkat cells were 
co- transfected with the vector prom2 - 1 9 0 6 - LUC and a 
vector denominated pcDNA3 . 1 /Hygro (Invitrogen) which 
contains the gene for resistance to hygromycin. The 

20 transfection was carried out by means of the technique of 
electroporation in cuvettes of 0.4 cm (BioRad) with 15 x 
10 6 cells in 0.5 ml of complete medium [RMPI medium 
supplemented with 10% of foetal serum, L-glutamine 2mM 
and a mixture of antibiotics] (All these products were 

25 acquired from Life Technologies) . The cells were 
incubated over ice for 10 minutes with 25 |J.g of plasmid 
prom2 -1906-LUC and 5 ^g of the vector pCDNA3 . 1 . /Hygro . 
After this period, the cells were electroporated in a 
Gene Pulser II (BioRad) apparatus at 1.500 jiFaradays of 

30 capacitance and a current of 280 V. Next, the cells were 
incubated over ice for 10 minutes before adding 10 ml of 
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complete medium. The cells were cultured in this medium 
in 75 cm 2 culture flasks (Nunc) for 48 hours in a cell 
incubator at 37° C with a humidity of 95% and 5% of C0 2 . 
At this time, the medium was changed for complete medium 
5 with no antibiotics to which hygromycin (Boehringer 
Mannheim) was added at a concentration of 200 j^g/ml . The 
cells were cultured in this medium for 30 days with 
successive changes of medium. During this period the 
resistant population that survived treatment with the 

10 selective antibiotic was selected, in other words, the 
cells stably transfected with the gene for resistance to 
the hygromycin antibiotic. In this population the 

expression of the luciferase gene was analysed in order 
to determine the presence of t ransf ectants stable for the 

15 plasmid prom2 - 1 906 -L.UC . For this, lxlO 6 cells were lysed 
in 50 \xl of lysis buffer (Promega) and with the extracts 
obtained, the luciferase activity was determined using 
the reagents contained in the kit of the "Luciferase 
Assay System" [Promega] , Measurement of the light 

20 produced was determined using a luminometer MonoLight 
2010 (Analytical Lumini scence Laboratory) with a system 
of automatic injection of 100 \i± of reagent. 

From this polyclonal population ( Jurkat -pool - 
25 1906LUC) a limit dilution was performed on 96-well plates 
in complete medium with hygromycin in order to obtain 
individual clones that expressed the luciferase gene in 
a stable fashion. These clones were grown until 

obtaining at least lxlO 6 cells with which measurement of 
30 the luciferase activity could be performed as described 
earlier. In this way, three individual clones were 
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obtained denominated Jurkat -C3 - 1906LUC , Jurkat - F9 - 19 06L.UC 
and Jurkat - C7 - 1 9 0 6 LUC . In these clones the basal 
luciferase activity was determined in RLU (relative 
luminescence units) and it was checked that the 
5 expression of the luciferase reporter was being induced 
in response to the same stimuli as the promoter of cox-2 
as had been established previously with cells 
transitorily transfected (see Figure 7) . In the three 
clones, the basal values of luciferase activity increase 
10 from 3 to 6 times with a treatment of 6 hours with the 
phorbol ester PMA and up to 10 - 20 times with a combined 
treatment PMA+Ion, in a similar fashion to the results 
obtained in the cells transfected transitorily. 

15 Example 4 

Establishment of an assay system for compounds that 
regulate the expression of the gene cox-2 in the clones 
of the cell line that stably expresses a DNA construct 
that comprises a promoter sequence of cox-2 and the 

20 luciferase gene. 

The clones were cultured on plates of 96-wells at a 
density of 1x10 s cells in 200 |xl of RPMI medium 
supplemented with 2% of foetal serum, L-Glutamine 2 mM 

25 and a mixture of antibiotics. The cells were treated for 
6 hours with different concentrations of compounds whose 
activity it was hoped to analyse. In the case of the 
assay of the activity of these compounds on the induction 
of activity of the cox-2 promoter, the cells were treated 

30 with PMA+Icn for 5 hours, after 1 hour of pre-treatment 
with the compound to test. After this period, the cells 
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were lysed in 50 fal of lysis buffer and their luciferase 
activity determined using 20 jal in a luminometer as was 
described in Example 2.2. Next, some results obtained are 
shown with compounds previously described as inhibitors 
of the stimulation of the cox-2 promoter. 



Figure 8 shows the results obtained with the 
compound cyclosporin A (CsA) which produces an inhibition 
of the stimulation obtained with PMA+Ion in stable Jurkat 
10 clones, in a similar fashion to that already described 
(Iniguez et al. , 1998), and that observed in the 
transitory transf ect ions illustrated in Example 2.3. 

Figure 9 shows the results obtained with the 
15 compound Dexamethasone (Dex) , which, like glucocort icoide 
and anti-inf lammatories, produces an inhibition of the 
stimulation obtained with PMA+Ion in the stable Jurkat 
clones, corresponding to that already described (Smith 
and DeWitt, 1996) and that observed previously in the 
20 transitory transf ect ions of Example 2.3. 

Figure 10 shows the results obtained with the 
compound Resveratrol (Res) , recently described as an 
inhibitor of the stimulation by PMA of the gene cox-2 
25 (Subbaramiah, et al . , 1998). This compound produces an 
inhibition of the stimulation obtained with PMA+Ion om 
the stable Jurkat clones. 



The validity of the assay system is thus 
30 demonstrated due to its similar behaviour for the clones 
obtained, for the transitory transf ect ions and the 



AMENDED SHEET 



26-09-2001 



ES0000245 




23 

results obtained with endogenous mRNA . With the use of 
compounds whose activity on the cox-2 promoter is known, 
whether they be stimulatory or inhibitory, it is 
established that it is possible to detect both positively 
5 and negatively the basal or induced expression of the 
cox-2 gene with the assay system developed in present 
invention . 

DEPOSIT OF BIOLOGICAL MATERIAL 

10 

A sample of a Jurkat cell line, denominated J-1906- 
F9, that stably expresses a DNA construct that comprises 
a promoter sequence of the cox-2 gene and the luciferase 
gene, has been deposited in the European Collection of 
15 Animal Cell Cultures (ECACC) [Salisbury, United Kingdom] 
on the 24 March 1999 and has been assigned the access 
number ECACC 99032405. 

A sample of the plasmid prom2 -1906 -LUC, inserted 
20 into Escherichia coli DH5, denominated DH5 prom2 - 1906- 
LUC, has been deposited in the Spanish Collection of 
Culture Types (CECT) [Burjassot, Valencia] on the 24 
March 1999 and has been assigned the access number CECT 
5145 . 

25 
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CLAIMS 



1. A DNA construct that comprises the sequence lying 
between the nucleotide (-) 1796 and the nucleotide (+)104 
of the promoter of human cyclooxygenase 2 (cox- 2) gene 
and a reporter gene, operatively joined to each other, 
such that said promoter sequence of the cox-2 gene 
controls the expression of said reporter gene in response 
to a suitable stimulus. 



2. A construct according to claim 1, in which said 
reporter gene is selected from the lucif erase gene, the 
chloramphenicol acetyltransf erase gene and the gene of 
beta galactosidase . 

3 . A vector that comprises a DNA construct according 
to any of claims 1 to 2. 

4. A cell line that comprises a construct according 
to any of claims 1 to 2 or transformed with a vector 
according to claim 3 . 

5. A cell line according to claim 4, in which said 
cell line is derived from a cell line of human origin. 



6. A cell line according to claim 5, in which said 
cell line of human origin is a line of Jurkat cells. 



7. A cell line according to claims 4 to 6 which 
expresses in stable fashion the DNA construct of claims 
1 to 2 . 
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8 . An assay method for the search for compounds that 
selectively inhibit the induction at a transcriptional 
level of cyclooxygenase-2 by a suitable stimulus, that 
5 comprises bringing a cell line according to any of claims 
5 to 7, into contact with a compound whose potential 
selective inhibitory activity of induction at a 
transcriptional level of cox-2 it is wanted to assay, in 
conditions that allow the transcription of cox-2, and 
10 detecting, and/or measuring, the signal indicative of the 
expression of activity due to the reporter gene. 
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